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The Danish geneticist and mycologist 0 jvind Winge was born in Aarhus, the capital of the Jutland peninsula, on 19 May 1886. His father, Sigfrid Victor Winge, was a lawyer, and his mother, born Agno Rian, came from Trondhjem in Norway. His Christian name, 0jvind, is a Norwegian rather than a Danish name, and from his mother he probably also inherited the streak of stubborn ness and independence which made up a conspicuous part of his personality.
Winge showed his first recorded sign of independence when he began to study at the Copenhagen University in 1905 after having graduated from the Marselisborg High School in Aarhus. His parents apparently did not en courage his interests in natural history, and in order to fulfil a promise to his family he spent his first few months at the University studying law. However, his interests in natural history were too deeply rooted, and he soon decided to switch to the Faculty of Science.
Already during his high school years, Winge had become deeply interested in mycology, and although Aarhus was not at that time a University town he was fortunate enough to have the guidance of two excellent mycologists. One, Poul Larsen, was a micromycete specialist who was then a teacher of biology at various Aarhus schools. Poul Larsen has published a number of important papers on mycology, including a monograph on the fungi of Iceland. Winge's other mentor, C. Ferdinandsen, was to become his lifelong friend. Ferdinandsen was at that time a private tutor to a noble family living at the nearby mansion of 'Sophiendal' where Winge was a frequent visitor.
Ferdinandsen later became Professor of Plant Pathology at the Royal Veterinary and Agricultural College in Copenhagen where his department was next door to Winge's Department of Genetics. Over a period of almost 30 years Ferdinandsen and Winge continued to publish a number of papers on mycology, the last one being a mycological flora (in Danish) which, until a few years ago, was the most widely used Danish field handbook of the higher fungi. This early mycological training proved very useful to Winge when years later he began to work on the genetics of yeasts.
In 1910 Winge graduated from the Copenhagen University with a 'Mag. Scient.' degree in botany. He had specialized in mycology, and when he took his degree he had already published, in collaboration with Ferdinandsen, six papers on mycological subjects. At the University his major teachers were Eugenius Warming, the Professor of Botany; L. Kolderup Rosenvinge, the Professor of Cryptogamic Botany, and Wilhelm Johannsen who was Professor of Plant Physiology.
After graduation Winge's career was straightforward and can be briefly summarized. He spent the first two years abroad studying chromosome cytology, first at the University of Stockholm (Stockholms Hogskola) under Rosenberg and Lagerheim. From there he went to the Sorbonne in Paris where he studied the cytology of fungi in Dangeard's department, and finally he went to the United States where he worked in the laboratory of Coulter and Chamberlain in Chicago. These studies were made possible by a grant from the Carlsberg Foundation.
It was Winge's mycological work which had convinced him that chromo some cytology, a field which was at that time almost unknown in Denmark, would be of importance to his future work. It appears from his grant appli cation that already at that time he realized the importance of chromosome cytology to the study of genetics, something which he had hardly learned from his teacher Johannsen. However, from the report which he wrote to the Carlsberg Foundation upon his return to Copenhagen it is evident that his scientific outlook was still that of a mycologist and a cytologist.
Upon his return to Copenhagen Winge was appointed a research assistant to Professor Johannes Schmidt who was Director of the Department of Physiology at the Carlsberg Laboratory. He stayed with Schmidt until 1921 when he was given the first chair in genetics in Denmark at the Royal Veterinary and Agricultural College. When Schmidt died in 1933 Winge returned to the Carlsberg Laboratory as his successor. He retired from the Directorship in 1956 at the age of 70. However, he continued to supervise the hop and barley breeding work which he had carried out at the farm 'Nordgaarden' since 1939, and he did not retire from this work until January 1963.
Johannes Schmidt was a scientist with a very unusual career. He was originally trained as a botanist and had specialized in blue-green algae. However, he was to gain fame as an oceanographer. He organized the Dana deep-sea expeditions during which the life cycles of the European and American eels were clarified by the discovery of their common breeding ground at the Sargasso Sea. During his early years at the Carlsberg Labora tory Schmidt was also deeply interested in genetics. He has described the first case of T-linked inheritance in Lebistes. He is also k formation in the fish farces,he has published paper inheritance and he designed the method of diallel crossings for estimating the value of the genotype.
There is no doubt that Schmidt is to a great extent responsible for Winge's transition from a mycologist and cytologist to a geneticist, and in Schmidt's department Winge became acquainted with two species with which he was to work most of his life, one was the hop, , the other was a small aquar ium fish Lebistes reticulatus.
Almost from the very beginning there has been a tendency among geneti cists to specialize on certain species and/or certain subjects. In the United States they became Drosophila geneticists or maize geneticists. In Europe, Antirrhinum and Oenothera were among the favourite genera. One can almost say that Winge went to the opposite extreme. Few geneticists have worked on so many species and on such a variety of problems as he. Winge is one of the few geneticists who has made major contributions both to plant genetics, to animal genetics, and to microbial genetics. This truly catholic approach to science makes it somewhat difficult to analyse his scientific works.
There are three species on which Winge worked for a long period of time. One was the small cruciferous plant Erophila. His work on microspeciation in this genus covers a period of almost 20 years. His Lebistes work which began when he was assistant to Schmidt continued until 1947. From 1933 on his main work was on the biology and genetics of yeasts. In addition it should be mentioned that he carried out a large-scaled breeding programme with hops and barley during most of his life. The hop work is summarized in his last paper (89). His barley work, of which nothing is published in a foreign language, resulted in the production of the 'Carlsberg I I ' barley which is still widely grown in Denmark and which was for many years classified as the highest yielding European malt barley.
Winge's scientific works may be classified in four categories; (i) investi gations on polyploidy and species hybridization, (ii) studies on the cyto genetics of sex-linked inheritance and of sex determination, (iii) the yeast work, and (iv) stray contributions. ( i ) (i) Polyploidy and species hybridization Winge's first important cytogenetical work appeared in his thesis which was published in 1917 (4). For this he was awarded the degree o f'Dr. phil.', a degree which is more or less the equivalent of a British D.Sc. degree. It is a rather heterogeneous work, as one might expect of an early work on the importance of chromosomes. It contains, however, a theory which has become one of the pillars of cytogenetics and of cytotaxonomy, viz. the hypothesis that polyploid evolution is the result of species hybridization followed by chromosome doubling of the species hybrids. Winge's hypothesis was a purely theoretical deduction. It was known at the time that the chromosome numbers of related plants often form simple arithmetical series-polyploid series. This had been established earlier by the German cytologist Tischler and by Japanese investigations. Winge made the first statistical survey of the distri bution of plant chromosome numbers, and in his thesis he also published polyploid series of chromosome numbers in Ghenopodiaceae. In a related field two cytologists, Rosenberg in Stockholm and Harry Federley in Finland, had made the first investigations of meiosis in species hybrids. The former had studied the plant species hybrid Drosera longifolia X rotundifolia (in 1909), whereas Federley (in 1913) had described sterile butterfly hybrids belonging to the genus Pygaera. Both these investigations suggested that perhaps the predominant reason for the sterility of such hybrids was lack of chromosome homology which prevented a normal pachytene pairing at meiosis. Winge predicted that chromosome doubling of such hybrids would solve the homology problem, because the chromosome-doubled hybrid would possess two sets of completely homologous chromosomes. The chromosome-doubled hybrid would therefore be able to go through a normal meiosis, it would be fertile, breed true and in all essential respects behave like a new species. Consequently, speciation through polyploidy could be the result of species hybridization followed by chromosome doubling of the hybrid.
Winge did not follow up this hypothesis himself, but its correctness was amply confirmed in the twenties by the discovery of a number of synthetic chromosome-doubled amphidiploids like Nicotiana ' ', Primula ikewensis'1, etc., etc. The study of polyploidy is still one of the most prolific fields of cytogenetics, but many investigators may have forgotten that one of the basic hypotheses, if not the basic one, was already proposed in 1917 in Winge's thesis.
Winge always kept a vested interest in species hybrids. He has published papers on the sterile hybrid Sambucus nigra X S. racemosa (55) . Since the two parents flower at different times, he had to grow the late flowering species in a greenhouse in order to make the cross. Strangely enough, after this paper was published, the hybrid has been found to occur in nature in at least two Danish localities. Another investigation concerned the classical species hybrid first described by Focke, Tragopogon p r a t e n s i s X porrifolius (42). I and in a similar investigation of the likewise partly fertile hybrid Geum rivale X urbanum (46) he showed that the parental species segregate out after very few offspring generations, the explanation being that gametes which contain the parental species genomes have a higher chance of survival than gametes which contain hybrid genomes.
In collaboration with H. N. Frandsen, the plant breeder, Winge described one amphidiploid synthetic species, viz. Brassica napocampestris (29). It was undoubtedly a great disappointment that this new species turned out to be of no commercial value, and this is probably the reason why he, as well as Frandsen, always remained sceptical about experimental polyploidy as a useful breeding method.
The most extensive work belonging to this category concern the mechanism of micro-speciation in Erophila (17, 33, 51) . Technically it was a very difficult investigation; because of the smallness of the flowers, all emasculations and crossings had to be carried out under a dissecting microscope. He counted the chromosome numbers and studied meiosis in 117 types, and he ruled out the possibility of apogamic reproduction, a mode of reproduction which had been claimed by Lotsy and Bannier. In the conclusion of this investigation Winge follows the taxonomy of Turesson and considers Erophila verna to be a coenospecies which can be subdivided into a number of oecospecies, and he proposes the establishment of four new species, characterized by their chromosome number. It is still a controversial subject whether or not the chromosome number should be used as the only differential character in describing new species.
(ii)
Cytogenetics of sex-linked inheritance and of sex determination
Winge's early work on sex determination concerns mainly the inheritance of colour genes in Lebistes, and in 1923 (12) he described the first case ever recorded of crossing-over between the X and T chromosomes, what is now called 'X-T-linked inheritance' or 'incomplete sex-linked inheritance'. The first case of T-linked inheritance in Lebistes had already been described in 1920 by Johannes Schmidt. In a later publication (19) Winge studied the inheritance of 18 different colour genes in of which one only showed autosomal inheritance. The majority (nine) showed strict T-linked inheritance, and the remaining X or X-T-linked inheritance. The analysis of the inheritance of colour genes in Lebistes is complicated by the fact that these genes are expressed only in males, all the females are colourless. , unlike the T chromosome of Drosophila, plays a decisive role in sex determination. Lebistes does not have heteromorphic sex chromosomes, and in perhaps his most important work (34) Winge showed that in this species, which normally exhibits male heterogamety, it is possible by selection to produce strains in which the males are homogametic and the females heterogametic. In this new strain the original sex chromosomes function as autosomes whereas a pair of autosomes now functions as sex chromosomes.
Parallel with the Lebistes investigations Winge carried out a number of experiments with dioecious plants, mainly Melandrium {Lychnis). 1923 was the year of discovery of heteromorphic sex chromosomes in plants. Santos described heteromorphic sex chromosomes in Elodea, Kihara and Ono observed the tripartite sex chromosomes in the males of Rumex acetosa, Catherine Blackburn in Britain described (correctly) the sex chromosomes of Melandrium, and Winge contributed with investigations on Melandrium, Humulus lupulus and Humulus japonicus and Vallisneria. For priority reasons Winge undoubtedly published this paper too fast; his interpretation of the sex chromosomes of Melandrium and Humulus had to be modified, and the observation of sex chromosomes (of the X -0 type) in Vallisneria could not be confirmed. However, this purely cytological investigation was followed up by a number of excellent genetical studies of Melandrium. In his first paper (18) he extended an earlier investigation of X-linked inheritance by Baur and Shull and showed that the gene in question was lethal to pollen. His most 0jvind Wingeimportant Melandrium paper appeared in 1931 (27). In this he describes the first case of X-T-linked inheritance in Melandrium and the first case of T-linked inheritance. He also shows that as in the case of Lebistes the T-chromosome of Melandrium plays a decisive role in sex determination. Melandrium is so far the only dioecious plant species in which all three types of sex-linked inheritance have been established.
Winge's interpretation of the sex determining mechanism was very close to Bridges's balance theory which was the result of the latter's work on Droso phila melanogaster. Winge was on the other hand critical towards Goldschmidt's theory of sex determination, and he has shown that it is possible to explain Goldschmidt's Lymantria data by assuming sex determining factors in the T-chromosome and without invoking cytoplasmic factors (39).
(iii) Yeast genetics
In the Charter of the Carlsberg Laboratories it is stated that the aim of the laboratories is 'by independent investigation to test the doctrines already furnished by science, and by constant studies to develop them into as fully a scientific basis as possible for the operations of malting, brewing and fermen tation'. This Charter has always been very liberally interpreted, and the directors of the laboratories have full freedom to pursue basic research, but it is expected that this basic research has some connexion with problems related to the brewing industry. These obligations had undoubtedly been somewhat neglected during the last period of Schmidt's Directorship when he was completely committed to oceanographic research. Winge's appointment to the Directorship of the Physiology Department was severely criticized by P. Boysen Jensen, the Professor of Plant Physiology at the University of Copenhagen. He objected to a geneticist being placed in charge of the Depart ment of Physiology. Boysen Jensen's criticisms were addressed to the Royal Danish Academy of Science and Letters which appoints the Trustees of the Carlsberg Foundation and of the Carlsberg Laboratory. The Academy ignored the criticism, and from that year on Boysen Jensen, who was a very stubborn man, never attended a meeting in the Danish Academy of Science. The reason for digging up this old story here is that it contains a lesson. Few have contributed more to the understanding of the physiology of yeasts than the geneticist Winge. His yeast work is a beautiful example of how much a new man with a fresh outlook and new ideas can invigorate a branch of science which had reached a dead end.
Winge was especially well qualified to tackle the problems of yeast genetics because, unlike most other geneticists, he had worked on mycological problems for more than 20 years. He went about the task of developing yeast genetics with great enthusiasm. He first built up his stock cultures, next he made his tools, new growth chambers and new gadgets for micro-manipu lation. He was rewarded in 1935 when he could show that yeast reproduces sexually and has a regular haplophase-diplophase cycle (37) . This was a most important breakthrough in yeast biology. Although it had been known for many years that yeast species sporulate, it was assumed that the propagation was either exclusively vegetative or apomictic. Winge's discovery was there fore met with the greatest scepticism by the leading yeast biologists, notably by the Frenchman Guilliermond. A few years later Winge, in collaboration with Otto Laustsen, published the first case of Mendelian segregation in yeast (40) and the road was now open to a systematic study of yeast genetics; a field of genetics which is now pursued vigorously in laboratories all over the world.
In the following years Winge's contributions to yeast genetics comprised among other works an investigation of a balanced lethal system in Saccharomycodes ludwigii (49) ; a somewhat controversial investigation of cytoplasmic inheritance in yeast (50); and in the later years a number of investigations on the inheritance of fermentation ability in yeast (cf. e.g. 61, 64, 67, 68, 70, 71, 73, 76, 78, 79, 81, 88) . The later works were all published in collaboration with the American-born geneticist Catherine Roberts, one of the few geneti cists who collaborated closely with Winge over a long period of years. All these investigations showed Winge's complete mastery of formal genetics, and the investigations on the inheritance of fermentation ability have demonstrated a number of clearcut examples of the classical types of gene interaction. Whereas Winge was a complete master of the methods and of the many pitfalls of formal genetics, he never became a biochemical or molecular geneticist in the modern sense of the word. His training, more than 30 years back, had been in natural history (botany, zoology, geology and geography), and biochemistry had hardly been invented at that time.
The discovery of sexual reproduction in yeast also opened new avenues to a rational breeding programme with industrial yeasts, and Winge, who was always very interested in the applied aspects of genetics, was very pleased when through his breeding methods-for which he once coined the phrase 'breeding under the microscope'-it became possible to develop new strains of bakers' yeast, and he was undoubtedly disappointed that his methods have so far failed to produce superior strains of brewers ' yeast (54, 85) .
Winge always enjoyed a scientific argument, and whenever he entered a new field of genetics he almost invariably got into a fight. His first scientific discussion concerned the origin of the boundaries of the Sargasso Sea! He was later involved in a heated discussion with Goldschmidt about sex determina tion and with Sinoto about the interpretation of sex chromosomes (23)-where Winge was wrong. The yeast work was no exception. He first got into a discussion with Guilliermond. Later he wrote a severe criticism of yeast cytology (69), one of the few cases where I think he lost his temper; although the criticism was scientifically sound it seems unnecessarily arrogant. During the last period of the yeast work he had a running argument with the American yeast geneticist Carl Lindegren. There is no doubt that yeast genetics benefited from the discussions between these two scientists who in many respects complemented each other. There was never anything personal in these arguments which Winge undoubtedly enjoyed very much. His aim was always the pursuit of the scientific truth, and I know that he liked and respected both Goldschmidt and Lindegren with whom he had his most heated discussions.
(iv) Stray contributions Winge's stray contributions comprise some of his most important works. From his earliest period should be mentioned the investigation of cytoplasmic inheritance of variegation in Humulus japonicus (5) which is a clearcut but rather isolated and still puzzling case of strict maternal inheritance. Also his investigation of the inheritance of hair colour in horses (7) where he obtained his material from the records kept by the Breeders' Association deserves to be remembered. At the Agricultural College he worked on the inheritance of double flowers in stocks ( incana) (28); he investigated an interesting case of unstable genes in Verbena, and he did large-scale experiments with Aquilegia. The two last-mentioned investigations are published only in Danish in his Genetics textbook which appeared in 1928.
His stray contributions comprise two investigations which Winge himself always considered among his most important publications. He demonstrated, first in the so-called crown gall tumours in sugarbeet (21), and later in a mouse carcinoma (24) , that tumour growth is associated with various chromo some abnormalities, including hyperploidy, multipolar spindles, etc. Winge is thus the pioneer in the now so fashionable field of chromosome pathocytology. Unfortunately the two papers were published in German in a journal which was little known in the English-speaking world, and for many years it was a great disappointment to Winge that this work was practically ignored, and he was very pleased when in recent years he was recognized as the true pioneer in the field.
At the Agricultural College Winge also began the large-scale investigation on linkage in Pisum (38). Altogether 17 genes were mapped, but he did not manage, as he had hoped, to establish the seven expected linkage groups. His investigations on 'speltoid' and other deviating types of wheat (14) show, perhaps more than any other publication from this period, Winge's ability to combine cytological and genetical observations into a simple working hypothesis. He showed that these 'mutations' which had puzzled breeders and geneticists for many years could be due to the segre gation of chromosome aberrations which were the results of occasionally non-homologous pairing in hexaploid wheats. At the Carlsberg Laboratory Winge attempted, in collaboration with Esben Ditlevsen, to control sex in the trout ( Salm otrutta) by treatment of the sperm (41). This work was followed by an investigation of the artificially produced hybrids between salmon (1 Salmosalar) and trout ( Salmo trutta) (62). In his early years Winge's favourite recreation was oil painting, but when he grew older he became an enthusiastic huntsman. Characteristically enough he was unable to keep his science and his hobby apart. He became very interested in the genetics of dogs, especially hunting dogs. He clarified the inheritance of the so-called bicolour gene in dogs (57), and later he wrote a monograph on inheritance in dogs. It was first published in Danish and later translated into English by Dr Roberts (65) .
It is impossible to give a true picture of Winge's scientific achievements by mentioning only his papers on cytogenetics published in foreign languages. Until the yeast work absorbed almost all his time and interest he continued to publish papers on mycology, and over a period of more than 30 years he published, mostly in collaboration with Ferdinandsen, many papers on mycology, mainly dealing with taxonomical and floristic problems. The culmination of this work is the already mentioned Field handbook in mycology which was published in Danish in 1928 Danish in (second edition in 1943 .
Winge had a very great impact upon the development of biology in Denmark. This is due especially to the publication of his Textbook in genetics which was published in Danish and appeared in three editions (1928, 1937, 1945) . It was for several decades the standard genetics textbook both at the Agricultural College and at the University of Copenhagen where Winge taught the elementary genetics course from 1929 to 1935. The textbook was also widely used in the Scandinavian countries and in Finland. It should be remembered that when Winge was appointed professor at the Agricultural College, Wilhelm Johannsen, the great name in Danish genetics, was in his sixties. After his classical work on pure lines Johannsen was inclined to 'rest on his laurels' (his own expression) and to edit the new editions of Elemente der exakten Erblichkeitslehre. Besides, Johannsen-like William Bateson in Britain-had little use for the heretics from Columbia University, for Morgan's gene-chromosome theory. To Winge goes the credit of having introduced chromosome cytology and cytogenetics into Denmark, and the new impulses to Danish genetics came from his laboratory. It was in many respects a pity that Winge did not get a chair in genetics at the Copenhagen University. After he had accepted the appointment to the Carlsberg Labora tory he was more or less cut off from teaching and from Danish students.
Winge was very interested in the social and applied aspects of genetics. Almost all his writings on radiation hazards, on eugenics, and on plant and animal breeding, are in Danish. It is one of the postulates of the American geneticist A. H. Sturtevant that the benefit which one can get out of a scientific meeting is in inverse propor tion to the number of participants-with two as a minimum. This axiom applied very much to one's relationship with Winge. When facing a big audience he could be somewhat unapproachable and formal. I believe that he was actually a rather shy man who hid his shyness behind the pose of a rather reserved aristocrat. In a small circle of colleagues and friends-and he had many friends, especially among British and American scientists-he would loosen up, be charming, witty and ironical, and in private discussions with students and collaborators he could relax completely. His knowledge about genetics and geneticists was second to none, and he could be very patient and helpful. He always demanded much, some thought too much, of his collaborators because he always set a very high standard-his own amazing capacity for hard work.
Winge married Julie Begtrup Mpller in 1913, and Mrs Winge survives him. Many foreign visitors will remember the hospitality which they enjoyed in Winge's home at the Carlsberg Laboratory with Mrs Winge as a charming hostess-after they had recovered from the shock of discovering that their hostess was an ardent smoker of small cigars. Their only son, Per Winge, is a Major in the Danish army. A daughter died many years ago from an accident. Winge died on 5 April 1964. Although he had been ailing for some time he died in harness. His last paper appeared a few months before his death, and a few days before he died of a lung embolism he had attended a meeting at the Royal Danish Academy of Science and Letters which he had served faithfully and with distinction for so many years.
The photograph illustrating this memoir is by Dr Catherine Roberts. 
